To examine the role of the Trp64Arg polymorphism in the b3-adrenergic receptor gene and the b3-adrenergic receptor gene locus in obesity-related traits in African Americans. SUBJECTS: A total of 687 individuals representing 193 African American families who were residents of metropolitan Chicago. MEASUREMENTS: Genotyping of the Trp64Arg polymorphism in the b3-adrenergic receptor gene and three microsatellite markers¯anking the b3-adrenergic receptor gene (ADRB3) locus and measuring various obesity-related traits, including body mass index (BMI), fat-free mass, fat mass, percentage fat mass, waist circumference and serum lipid levels. RESULTS: The prevalence of obesity (de®ned as body mass index !30 kgam 2 ) in the population was 27.3% and 51.2% in men and women, respectively. The frequency of the Arg64 allele was 10.0%. Multivariate regression analyses con®rmed the existence of a signi®cant contribution of familial variance to each of the ®ve obesity-related traits noted above. Likelihood ratio statistics computed in a multivariate regression analysis failed to demonstrate a signi®cant association between the Arg64 allele and any of the ®ve obesity-related traits. Single and multipoint analyses using extended Haseman ± Elston regression analyses failed to demonstrate suggestive evidence of linkage of three microsatellite markers that¯ank the b3-adrenergic receptor gene to BMI, percentage body fat, waist circumference or serum leptin levels. CONCLUSION: Given the contribution of familial variance to obesity-related traits in this population, neither the null ®nding for the Arg64 allele nor the lack of evidence of linkage of the ADRB3 locus to obesity-related traits could be attributed to lack of transmissibility of the traits suggesting that neither the Arg64 variant of the b3-adrenergic receptor gene nor another genetic variant in or near the ADRB3 locus contribute signi®cantly to familial aggregation of obesity-related traits in African Americans.
Introduction
Obesity and diabetes mellitus disproportionately affect African Americans compared to their white counterparts in the United States.
1 ± 4 The underlying pathophysiology of the increased susceptibility among blacks is poorly understood. In general, obesity is considered to be the result of the combined in¯uence of environmental and genetic factors operating at the individual and family levels. 5, 6 By taking advantage of the contrasts that exist among contemporary populations of the African diaspora, we have demonstrated the importance of current environment on the prevalence of complex diseases, including obesity.
7 ± 9 A gradient of obesity was observed in these populations of similar genetic heritage, rising from 12.0% in West Africa to 33.4% in the Caribbean and 48.8% in the United States among women; the corresponding prevalences among men were 6.4%, 10.0% and 25.3%, respectively, for West Africa, the Caribbean, and the United States. 8 In addition to the environmental contribution to obesity, path analyses have demonstrated signi®cant heritability of obesity-related traits, including body mass index (BMI), fat mass, fat-free mass and serum leptin levels in the African American population, 10, 11 con®rming a genetic contribution to obesity in this population.
The role of speci®c genes in common forms of obesity has not yet been de®ned, although the b3-adrenergic receptor gene (ADRB3) has been suggested to contribute to obesityrelated traits. 12 ± 14 A variant allele of the b3-adrenergic receptor in which tryptophan is replaced with arginine at codon 64 (Trp64Arg) was identi®ed previously and shown to be associated with a variety of obesity related traits, including increased body mass index (BMI), waist ± hip ratio and weight gain, and decreased resting metabolic rate in several different ethnic groups. 15 ± 28 The association of the Arg64 allele with obesity-related traits is controversial, however, because multiple studies have failed to replicate these ®nd-ings.
14,29 ± 42 To date, the association of the Arg64 allele with obesity-related traits has been addressed in only one population of African descent, Jamaicans, and has not been addressed in African Americans. To address the potential role of the ADRB3 locus in obesity in African Americans, we examined the relationship between markers of obesity and the Arg64 allele and other polymorphic markers¯ank-ing the ADRB3 locus in a sample of African American families.
Subjects and methods

Subjects
Subjects in the study were African Americans from Maywood, IL, a predominantly minority working-class community adjacent to the western border of Chicago. The town of 30 000 is $ 85% African American and has been extensively canvassed for a number of population-based surveys conducted by Loyola University's Department of Preventive Medicine and Epidemiology. Probands were ascertained using a sampling scheme in which city blocks were randomly selected. All houses on selected blocks were canvassed, and one individual per household or family, between the ages of 40 and 60, was recruited as the proband. An extensive family history was obtained from each proband, and all family members between the ages of 14 and 75 y of age were asked to participate. Over 95% of the study participants were members of the probands' nuclear families while about 5% were considered members of extended families, eg niece or ®rst cousin of the proband. Neither probands nor additional family members were ascertained on any obesityrelated traits, thus the study population represents a random, representative sample from the geographic area. Any subjects determined to have paternityamaternity inconsistent with data provided from the survey information were removed from the pedigrees and treated as singletons. Nonpaternityanonmaternity was based upon genotypes obtained using four different microsatellite markers with heterozygosities of 79 ± 89%. A total of 687 participants from 193 families were included in the study. The study was reviewed and approved by the Loyola University Medical Center Institutional Review Board.
Obesity-related phenotypes Body weight, height, and waistahip circumferences were determined as described previously. 43 BMI was calculated as body weight (kg) divided by the height squared (m 2 ). Body composition was analyzed by bioimpedance analysis (BIA) using a single frequency (50 kHz) analyzer (model BIA 101Q, RJL Systems, Clinton Township, MI). A tetrapolar placement of electrodes was used with current electrodes placed on the dorsal surfaces of the right hand and foot at the distal metacarpals and metatarsals, respectively, and the detector electrodes placed at the pisiform prominence of the right wrist and between the medial and lateral malleoli at the right ankle. Total body water was calculated from BIA resistance measurements, height, weight and sex using published equations 44, 45 that had been previously validated in individuals from the Maywood population with a BMI range of 16 ± 39 using the deuterium oxide dilution method. 46 Fat-free mass was calculated as total body watera0.73 and fat mass as the difference between weight and fat-free mass. Nonfasting blood was drawn for determination of leptin levels. Serum leptin levels were determined by radioimmunoassay using the human leptin kit from Linco Research Inc. (St Charles, MO) following the manufacturer's assay protocol as described previously. 11 The intra-assay coef®cient of variation (CV) for this assay was 3.2%, and the inter-assay CV was 5.0%.
Genotype analyses
Genomic DNA was prepared from peripheral blood leukocytes obtained as either whole blood or buffy coat using the Gentra D-50K PureGene kit (Gentra Biosystems Inc., Minneapolis, MN) according to the manufacturer's instructions. Following precipitation of the DNA by isopropanol, the DNA was solubilized in TrisaEDTA buffer and diluted to a ®nal concentration of 100 ± 200 ngaml.
The Trp64Arg polymorphism in the b3-adrenergic receptor gene results in loss of a Bst01 site, and a strategy similar to that described previously was used to type all participants. 23 Brie¯y, a 282 base pair (bp) fragment of the b3-adrenergic receptor gene was ampli®ed by the polymerase chain reaction (PCR) using a¯uorescently labelled upstream primer, 5 H -TTCCGTGGGAGGCGGCCCTAG-3 H , and a reverse primer, 5 H -TTTGCATGCTGGCGGTCACACAC-3 H . PCR reactions (total volume 10 ml) contained 5 ng of genomic DNA, 2 pmol of each primer, 0.5 U Taq DNA polymerase, 50 mM dNTPs, 3 mM MgCl 2 , and additional buffer components. PCR conditions included initial denaturation at 96 C for 30 s, 30 cycles of denaturation (94 C for 5 s followed by 92 C for 1 min), annealing (60 C for 45 s), and elongation (72 C for 45 s) with a ®nal 10 min elongation period at 72 C. PCR b b3-AR gene and obesity in African Americans WL Lowe et al restriction fragment length polymorphism analysis was performed using Bst01. A 3 ml sample of the PCR product was diluted in water and restriction enzyme buffer to a ®nal volume of 20 ml in the presence of 5 units of Bst01 and digested for 3 h at 60 C. The microsatellite markers D8S1110, D8S1121 and D8S1477 (Research Genetics, Huntsville, AL) were typed by PCR using conditions similar to those described above. 47 Microsatellite marker and Trp64Arg genotypes were analyzed using an Applied Biosystems model 377 automated DNA sequencer (PE Applied Biosystems, Foster City, CA) with GeneScan 2.02 and Genotyper programs.
Statistical analyses
Descriptive statistics were calculated using SAS (SAS Institute, Cary, NC). Measured genotype analysis accounting for familial aggregation and covariate effects was carried out using the computer program ASSOC, available in the Statistical Analysis for Genetic Epidemiology (SAGE) package. 48 The ASSOC program is designed to evaluate the association between a continuous trait and a discrete genetic marker for both related (pedigree) and unrelated individuals (treated as one-person pedigree). Therefore, unlike the traditional case ± control design in epidemiology, the ASSOC program is capable of incorporating familial correlations in the evaluation of the relationship between a trait and a genetic marker. The ASSOC program estimates the maximum likelihood (ln) under two hypotheses (the general model with the marker, H 1 , and the null model without the marker, H 0 ). In this study, H 1 represents the model with the Trp64Arg polymorphism in the b3-adrenergic receptor gene. If L 1 and L 0 are the maximum likelihood under H 1 and H 0 , respectively, the likelihood ratio statistic is estimated as À2[ln(L 0 )Àln(L 1 )]. This statistic, under the assumption of normality and the null hypothesis, is asymptotically distributed as a chi-square with the number of degrees of freedom being one less than the number of classes into which the marker values are partitioned. The power transformation was used to induce the assumed normality of the residuals while preserving the original scale on which the trait was measured. The score test statistic, which is de®ned as the estimate of a parameter divided by its standard error, was also used to test the null hypothesis of no effect of the Trp64Arg allele. Asymptotically, the score test statistic is normally distributed, and the results are consistent with that of a likelihood ratio test.
For linkage analyses, Mendelian incompatibilities were evaluated by the computer program Mendel. 49 Any identi®ed incompatibilities were re-evaluated for possible dataentry errors, genotyping errors and pedigree errors. Dummy parents were introduced for individuals more likely to be a half as opposed to full sibling based on the likelihood method. The remaining incompatibilities were resolved by setting genotypes as unknown. Marker allele frequencies were calculated after correction of Mendelian errors using Mendel. Mendel makes use of all available marker information while correctly taking into account the dependence between relatives in family data. 49 For linkage analyses, extended Haseman ± Elston regression analyses were performed using the computer program SIBPAL2 available in SAGE 4.0. 50, 51 This program models full and half sibpair covariance as a function of marker allele identity by descent (IBD) sharing by allowing single or multipoint estimates of the proportion of alleles shared IBD. The extended Haseman ± Elston regression model increases the power to detect linkage by changing the dependent variable from the squared difference to the mean-corrected product of the sib's trait values. 51 
Results
Population characteristics
The characteristics of the 687 family members (266 men and 421 women) along with a subset of 270 unrelated individuals are displayed in Table 1 . The range of BMI in the study population was 15.6 ± 62.8 (men, 15.6 ± 62.8; women, 15.7 ± 62.2). Based on a BMI cut-off point of 25 kgam 2 or higher, the prevalence of overweight was 68.2% (men 54.6% and women 76.8%), and, based on a BMI of 30 kgam 2 or higher, the prevalence of obesity was 42% (men 27.3% and women 51.2%). The prevalence of severe (BMI b 35) and morbid (BMI b 40) obesity was 24% (men 12.5% and 
Genotype and allele frequencies
The genotype and allele frequencies are shown in Table 2 . Eight subjects were homozygous for the Arg64 allele (two men and six women), whereas 122 subjects were Trp64Arg heterozygotes (54 men and 68 women). The frequency of the Arg64 allele as 10.0% (10.9% in men and 9.5% in women). The genotypes were in Hardy ± Weinberg equilibrium. The characteristics of the participants by genotype are shown in Table 3 .
Effect of the b3-adrenergic receptor genotype
In initial analyses, the potential contribution of familial correlations were considered by performing multivariate regression analyses using the ASSOC program (Table 4) . Five different obesity-related traits, BMI, fat mass, percentage fat mass, waist circumference and serum leptin levels, were considered in these analyses. Age was signi®cantly associated with all ®ve traits, and gender was signi®cantly associated with each of the traits except for waist circumference. After adjusting for age and gender, these analyses demonstrated that familial variance accounted for 50% or more of the total variance of each of the ®ve traits, suggesting a contribution of genetic and shared environmental effects on these traits. Further analyses examined both recessive and dominant modes of inheritance of the b3-adrenergic polymorphism for each of the ®ve traits. Recessive inheritance was de®ned as the presence of two copies of the Arg64 allele. A signi®cant association between the b3-adrenergic receptor polymorphism and these ®ve traits was not found after adjusting for age and gender when the likelihood ratio test statistic was used (all P-values !0.06). However, when the score test statistic was applied, a negative association was found between BMI and recessive inheritance of the Arg64 allele (P 0.03) and between the waist circumference and recessive inheritance of the Arg64 allele (P 0.05). When multivariate regression analyses were performed separately for males and females, there was not a signi®cant association between any of the ®ve traits and the b3-adrenergic receptor polymorphism in males (data not shown). In females, a negative association was found between recessive inheritance of the Arg64 allele and BMI (P 0.04) and leptin levels (P 0.05).
To determine whether linkage of the ADRB3 locus to obesity-related traits was present in African Americans, the microsatellite markers D8S1477, D8S1121 and D8S1110 were typed. These markers span a 17.8 cM region on chromosome 8 which includes ADRB3. D8S1477 and D8S1121 are 7.5 and 3.4 cM to the pter side of ADRB3, respectively, whereas D8S1110 is 10.4 cM to the qter side of ADRB3.
47 Extended Haseman ± Elston regression for BMI, percentage fat mass, waist circumference and serum leptin levels was performed (Table 5) . Linkage of D8S1477 to percentage fat mass using both single and multipoint analysis was signi®cant, whereas linkage of D8S1121 to percentage fat mass using multipoint analysis and to serum leptin levels using single point analysis was also signi®cant. Despite these ®ndings that were statistically signi®cant, the above analyses did not provide suggestive evidence of linkage of this locus to obesity-related traits. 
Discussion
The Trp64Arg polymorphism of the b3-adrenergic receptor has been demonstrated in a variety of populations and found to be present, to date, in all populations with the exception of Naruans. 52 Although a previous study demonstrated the presence of the Arg64 allele in a small group of African American women, 39 its role in obesity-related traits in African Americans has not been examined. The frequency of the Arg64 allele in our sample of African Americans was 10.0%, which is higher than in most Caucasian populations but less than in Native American and Japanese populations. 12 This frequency is similar, however, to the recently reported frequency of the Arg64 allele (10.5%) in another population of African descent, Jamicans. 53 Despite the relative frequency of the Arg64 allele in African Americans, the present study did not demonstrate de®nitive and consistent associations with obesity-related traits. The result of multivariate regression analyses that accounted for familial correlations suggested that any associations between the Arg64 allele and obesity-related traits were negative. These results contrast with those reported previously in Jamaicans. 53 In that study, women who were carriers of the Arg64 allele had a signi®cantly increased BMI and hip circumference compared to women who were homozygous for the Trp64 allele. These differences between African Americans and Jamaicans are surprising given the genetic similarity of the two populations. The discrepant ®ndings are reminiscent, however, of the results of previous primarily traditional association studies in which positive and negative ®ndings were reported in groups of similar ethnicity. 14,16,17,19 ± 42 One possible explanation for these previously reported discrepancies is the confounding effect of type I and II errors related to unrecognized population substructure and other problems. A second possibility is that the effect of the variant b3-adrenergic receptor is small and able to be obscured by genetic factors and environmental differences between subjects. For example, in a paired sibling analysis of Mexican Americans, an effect of the Arg64 allele on obesity-related traits was apparent only after variability due to genetic background was minimized by identifying sibpairs who were concordant for a locus on chromosome 2 which is tightly linked to obesity in that population. 18 Thus, the effect of the Arg64 allele in blacks could be obscured by chance or environmental andaor genetic factors that differed between Jamaican blacks and African Americans.
In addition to demonstrating a lack of association of the Arg64 allele with obesity-related traits, the present study did not provide suggestive evidence of linkage of the ADRB3 locus on chromosome 8 to obesity-related traits. Although previous genome scans in Caucasians and Pima Indians did not examine the ADRB3 locus speci®cally, these scans failed to demonstrate suggestive evidence of linkage of any region of chromosome 8 to obesity-related traits.
54 ± 57 A previous study in Mexican Americans, however, did demonstrate linkage between the ADRB3 locus and BMI, with a peak LOD score of 3.21 in the region between D8S1121 and ADRB3. 47 Again, inability to de®nitively replicate this ®nd-ing in African Americans may relate to genetic differences between the two populations or to the small effect of this locus on obesity-related traits that is obscured by environmental or genetic differences between the two populations. Of note, an earlier study in this population of African Americans was able to con®rm a quantitative trait locus on chromosome 2 for serum leptin levels that was initially identi®ed in Mexican Americans. 58, 59 Together with the previous path analyses that demonstrated signi®cant heritability of obesity-related traits, 10, 11 the results of the multivariate regression analyses in the present study con®rm an important genetic contribution to obesity-related traits in this African American population. The results of the association and linkage studies suggest, however, that neither the Trp64Arg polymorphism of the b3-adrenergic receptor gene nor another genetic variant in or near the ADRB3 locus contribute signi®cantly to the genetic effect on obesity-related traits in this population.
